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Digital Mapping of Flue-Cured Tobacco Quality Based on Machine Learning and Soil Key

Elements—A Case Study of Yuxi Tobacco Area in Yunnan Province, China

TAO Yi'?, WANG Meiyan'", SHI Xuezheng', SUN Weixia', WANG Shihang?, LI Xiangwei’, ZHU Yuncong®, XIE Xinqiao®

(1 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 211135, China; 2 School of Spatial Information and
Surveying and Mapping Engineering, Anhui University of Science and Technology, Huainan, Anhui 232001, China; 3 Hongta
Tobacco Group Company Limited, Yuxi, Yunnan 653100, China)

Abstract: In this study, Yuxi City of Yunnan Province, a typical tobacco-planting area in China, was selected as the study object,
based on a dataset consisting of 156 pairs of soil-tobacco quality grades, soil key elements were identified through principal
component analysis, and then three machine learning methods, namely the Back Propagation Neural Network (BPNN), Random
Forest (RF) and Support Vector Machine (SVM) were employed to construct the prediction model of tobacco quality grade in
order to achieve its spatial prediction and mapping. The results showed that based on 17 soil indicators, 11 specific indicators
were identified as soil key elements, among these, clay content exhibited the highest contribution (accounting for 18.5%) to the
variation in tobacco quality grades. The independent validation demonstrated that RF model achieved the highest accuracy (0.78)
and Kappa coefficient (0.76) in the predictive performance, followed by SVM model, while BPNN model exhibited the least
favorable outcomes. In terms of recall and precision, RF model demonstrated a descending level of accuracy in correctly
categorizing tobacco quality grades, with the order of Level 5 > Level 1 > Level 2. Tobacco quality of Level 1 and 5 were
predominantly distributed in the eastern part of Yuxi, with the easternmost Huanning County being the prime cultivation area for
high-quality tobacco.

Key words: Tobacco quality; Machine learning; Soil key elements; Spatial distribution; Mapping
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Fig. 4 Predicted area percentages of tobacco quality levels in whole Yuxi City (A, B, C) and tobacco-planting regions (D, E, F)
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Fig. 5 Predicted area percentages of tobacco quality levels in whole Yuxi City (A, B, C) and tobacco-planting regions (D, E, F)

3 iTie

ABEFEAREW], RF BRI TR R e fE,
HI T R R DR SR ST S P, A AR
AR A RO — 2, HAFRE AR 4 4 2 h(dbat,
Kge, AL AR ZBEINTIR) ALK, BT 746
A IR ZAEA B EAL PR BRDEIE B , 661 BPNN
I RF PIRHLES 7 I BRIk i BE . AR B . 4R

o TR o A R B 4 A OCHEBA IR SR SEA T O , FAY
ZERRN, T BPNN LA, RF AR ) 7 5 1
Bhf. RF BLAIRE T 7 b 21 i) 4398 5 065 400 5 22 171 52
A FR , FLIF R AT AR 2 T BEALAH I I SR A A
DIZ ACEN A5 I LSS A R 4R 1, 177 BPNN
R PR 28 RAS Y | BRI B2 J2 R Te 4, 4%
PUA TR 5, 24 i ZIRRRREAS , 25 5 (R R
HAWREAR R RV A 22, B BIAPY; RF SRR

http://soils.issas.ac.cn



5 4 19

BETRAE : HETLAR 7 > 0 SO B 22K A0 R A ol 0 o Pl —— LA 2 i R A X 887

A AXBPIRBRL, G T KREJSRAM TR, v
R AL RIS R AR A 9000 2 A4 PR AR 75
MR, ABRETT /283K - 3RS R i T S5 A0 5%
F o RF SRR TR OR 8, 7655 15 00 i A5 4
PRI T SRS A 4 000 e A, 7E T R
T, SVM HEEME FEE VIR LRI, QA
HIH it JOT S5 1Y) 23 R) 53 AT 3R A3 1, 43 ST T X LA
DX PR A H8 0 B S 20, A P A rp 25 ) ) RS
i SIS G 6 B A REAR RO BRIk, SVML AL AN
BPNN #E R JE3E 15 2] 5 RF A5 RUAH [R] At 150 2% A it Jo
QAT ATRE FE KT

ARMFFE R, A 3O B FT T R A X R AR i A
R E BT« BOR>E >R > 28 B M B =3 4
PEEG> T A > 1 45 pH=3 5 1> 2> 0> A 305 .
BUOPHE DI 28 B IX 10 A4 2 Bk At
N FERE S RSB, i R T AR 2
KSR PRI B R>H0 S >34 > B>
WO >R B> S>> L BRIl Z R AR L
762 M & R 13 . M A %, s E
BT ATEERA E T 45 TSR R AR AR KPR
B> B 2> TR > WL > A O > A >R AL
B>+ 49 pHo ULATDAE 1, HHEOCHZ R 1) B2k
WA REW A , SXEARFERIFFE X, L3RR
HFEMER[R] o 38 b2 5 MR S AR T R S 2R
B EEAREN R, FEp S B £m, 1
FZ TP 4, W3R 2 BTk 8 HLHE A B4
(1 2T 5 7= S A TSR E A+
Biae 55, RACTEREZE ; R A2, ALY
R HEHAAWE LA, AR
OB ST ERIEUE T 4 39 o b 7R AR AR JEE L 5 SR
AT o ASHIFSE LR BH , 39T b G I R i T SRR Tk
IR 44.2% , T 5T Hb T AR o B R T PR
3 - IERRL R DT R K, IRE T 18.5%,
TERH RN X+ b g, Bk, #T iE E
Rt A AL . AR i RN HLAE BE A 2 5%
Sy WSO [ R, A A TR A R R R, +
el Thag . AKAPEREEGE , I S0 AR Tl 27 B
Sy,

TR AR AT 22 5 5 IS Sl e ZLRE k)
T2 DX I T T A A R s (AR et S
rh A KRR 9 AR R 25 S I R AR M X HL A R
FAR ML GE R, AR AL RE A X AR 7 B R T
NS R IFE o &, Ak, 8]
JE AR R AR A R Al ER

AR AT B KO, SR AN 8 b 3 oK
F, B SR EE, pHIEN 6.1, 4T 5.5~
6.5 ME EILEIN, HEAEAR S0, AT I A K =
Ay R R XN g AR, HLIX K
R, AN, B, RN, A
PRI, 0T34 7 A B A FH RO A A,
VEDT AR A, 3 B T VR T 066 A it i 2 2 43 S IR A 1
Sy VB bR 22k, OB sk, B2 RE%
T RARUCE DR, AR TR SR A
j:g [44] R

H1 T TSR B R RS A ) B, AR BRI IR T
- T T VA X0 A R R R, TRLRE | KL OBIE
OB A5 A AR AR RE S IR A SR R R, A
(RIS AT 255 25 R e A5 R AN AN B 7, 38 = 73
TSR (ARG FEE | Shy ) 2 00 R AR 00 R4 0 R i it
PRAI T S 1 4 AR A 2%

4 Z5ig

1) EHEBORLAL S A FE o & A 11 D8R LA
A Ay TN T V2 AR DX AR 5 o ) DG B R o
L o X 06 M I A ) DR I R

2) M7 IESE B R, RF BN ACR AT,
HYE SVM #5571, BPNN #5587 9% . RF #ERGE T
T VR DX 110 925 R it 50 S5 2 () A T

3) FET 3 FhHLAR 2 T AR (1 T VR DX A o
SRR 25 S R T AL 2 R0 AA SRy, — 44 .
FOAY R B T A RS, R R AV
W, SR EEAMETDE . AT B R
SRR 45 R 7 e, e — R4 R AR T AR 5 AR T B X
WK, ATEE MY R B A A AR T AL

Bt Bt 2SR X AR KA RS RS
BT X I B

S 3k

[1] Yang LY, Wang L T, MaJ H, et al. Effects of light quality
on growth and development, photosynthetic characteristics
and content of carbohydrates in tobacco (Nicotiana tabacum
L.) plants[J]. Photosynthetica, 2017, 55(3): 467-477.

21 ALK, TR, D, . H NG I T
FEHER]. AR, 2004, 23(5): 156-161.

[3] A, MW, EI4H, 5. =KAo R R
RN ). WHIARLRL2A, 2014, 43(7): 52-59.

[4] skWete, BELLOF, BHETT, 5. MMM LIRS
A B | S BRAHEOSC R [T]. TR AL,
2015, 44(6): 68-71.

http://soils.issas.ac.cn



388 + i %5 56 &
[51 %, Tk, SFEM, 45 dhuiin X e a /e Rk [26] Hargrove L J, Li G L, Englehart K B, et al. Principal
BEE AR I[T]. 3, 2018, 50(5): 894-901. components analysis  preprocessing for improved

[6] W4fE, EEH, PFIE, & FEMX HHEMESLE classification accuracies in pattern-recognition-based
FE X 0 b2 RO S RS2 [T]. 3%, 2022, 54(3): myoelectric control[J]. IEEE Transactions on Bio-Medical
490-497. Engineering, 2009, 56(5): 1407-1414.

[7] ZRHEE, BCFE, 222, . =i un VLA + 557 45 [27] i, Hss. R PCA HEATUREES: > EIGARHE SR
ROLGEATEN ] =l K224 (A SR BLE), 2016, Ja IREAERTI 0], HAHLR SN, 2019, 28(1): 279-283.
31(2): 341-347. [28] Pedregosa F, Varoquaux G, Gramfort A, et al. Scikit-learn:

[8] BRILAE, XUgAl, 223K, 5. b A AR 1 40 KO0 2 57 machine learning in python[J]. The Journal of Machine
LA EHIM]. dba: Bl pAt, 2008. Learning Research, 2011, 12: 2825-2830.

[91 Z=%, B, T, & =EEET WA E R REE [29] Liu Y T. Incomplete big data imputation mining algorithm
PERG AL X RN [I]. TEPIZ4E, 2010(6): 75-79. based on BP neural network[J]. Journal of Intelligent &

[10] FBIAE. JLTAEAH 585500 ROt i i 1) 2= A L T A Fuzzy Systems, 2019, 37(4): 4457-4466.

WX [D]. BHH: =gl kez, 2015. [30] LiuF, Wu HY, Zhao Y G, et al. Mapping high resolution

[11] Wan A P, Jie Y, Ting C, et al. Dynamic pollution emission National Soil Information Grids of China[J]. Science
prediction method of a combined heat and power system Bulletin, 2022, 67(3): 328-340.
based on the hybrid CNN-LSTM model and attention [31] RZEME, G, MRz, 4. LT ML E
mechanism[J]. Environmental Science and Pollution WG 16 VR . DLARTL IR B [T]. A SR K F 2R,
Research International, 2022, 29(46): 69918—-69931. 2017, 26(5): 119-129.

[12] T, S3cem, A, 5. LT ma s myLss [32] Cortes C, Vapnik V. Support-vector networks[J]. Machine
25 BRI R IR I SR R A TN 0], o S AR, Learning, 1995, 20(3): 273-297.

2023(3): 194-201. [33] #fE, Xig, RAEH, 5 T A T2 MR

[13] #fifEm, 220001, A, &5 HET I AL G EIE &Ry SIS\ I P DG - PR R AR [I]. 4
Re At 2R S R AR ). RO (T3S0, 2023, AR, 2021, 52(2): 269-278.

5(2): 68-81. [34] Zhao H, Wang Y, Song J H, et al. The pollutant

[14] Zhu H'Y, Chu B Q, Zhang C, et al. Hyperspectral imaging concentration prediction model of NNP-BPNN based on
for presymptomatic detection of tobacco disease with the INI algorithm, AW method and neighbor-PCA[J].
successive projections algorithm and machine-learning Journal of Ambient Intelligence and Humanized
classifiers[J]. Scientific Reports, 2017, 7(1): 4125. Computing, 2019, 10(8): 3059-3065.

[15] Gu Q, Sheng L, Zhang T H, et al. Early detection of tomato [35] Lindner C, Bromiley P A, Ionita M C, et al. Robust and
spotted wilt virus infection in tobacco using the accurate shape model matching using random forest
hyperspectral imaging technique and machine learning regression-voting[J]. IEEE Transactions on Pattern Analysis
algorithms[J]. Computers and Electronics in Agriculture, and Machine Intelligence, 2015, 37(9): 1862—-1874.

2019, 167: 105066. [36] Liu X Q, Zhu A X, Yang L, et al. Influence of legacy soil

[16] 4.0 BET VRS ) 0B I 43 L L 58 (D], db st map accuracy on soil map updating with data mining
L3S KA, 2019. methods[J]. Geoderma, 2022, 416: 115802.

[17] B85, PRk, i, 55 SET U5 S S5 % o [37] BUFHeE, RFEM, PhADR, 5. B PR XOR [ A 1
ZE RAHE AT AL [T]. MR EERHE, 2023, 56(6): 92-100. FRATARBEXS I -1 2 43 PT IV RS2 e (7], RIERR

[18] EFR, 5o lh, #iHir, & EEEITER ERXEITEH AR, 2016, 22(5): 27-33.

SR AR RIF24R, 2020, 54(4): 704-710. [38] EELEE. T GIS FBEMHF A B XRIFHSE[D]. HIM: ]

[19] HEXR, 2590606, BHIE, & o mg A 1 90a < fLE RO R, 2013.

LR RBITE]. 3R, 2020, 57(6): 1430-1438. [39] SEHERL, FKFME. MHRE TS LR M), KB TR

[20] HFH XK, 42l BOEisr, 5. RFFE HX = re 2 4 FHEHOR R, 1992.

X 4 FEy PR IR 52 R [J]. 123, 2019, 51(5): 964-969. [40] JUBTEE, RFM, EEN, . HEWAHEM RIS

[21] Moret D, Arrte J L. Dynamics of soil hydraulic properties XANBFFE[I]. LRl R, 2013, 41(20): 8496-8500.
during fallow as affected by tillage[J]. Soil and Tillage [41] &, A2, MRk, 5. 8125 AE R Ac
Research, 2007, 96(1/2): 103-113. 30 &l B IR R ARRAEI]. A2,

[22] ELr=2, FEFTE, SRR, S 286 LKA RHE 2R i 2017, 28(5): 1626-1632.

SETTERIIXTEL]. KRR EDERE, 2016, 27(2): 240-248. [42] BERF, WFBTR, ZFEMifh, 55, FBAMHIX o 2 e

[23] Aol &8 . B bk A 338 0RE 20 i (HL B 28 0) 9 0 5 © GB PR 55 A0 I BT R AR G A AT (0], SRR TR B
7845—1987[S]. dtat: HEARUEH AL, 1987. 2022(10): 3844, 49.

[24] Ehnd. RN ESHTIEIM]. dbat: B ERER [43] WOHIY, BERTF, HEXR, 55 L& 100 m FAEM 35
e i, 2000. Hiu At BT DXCRIBIESED]. 308241, 2023, 60(4): 1113-1122.

(251 B0 B % 32 Ry, 0 B 0 A R PR AR O i [44] EFE. KRG R ERE XAERELE FAMEDFED).

YC/T 138—1998[S]. dtat: = [EARMEH Fiitt, 1998.

At BAUEE TR, 2021

http://soils.issas.ac.cn



